Purpose To examine associations between pre-operative magnetic resonance imaging (MRI) use and clinical outcomes among women undergoing breast-conserving surgery (BCS) with or without radiotherapy for early-stage breast cancer. Methods We identified women from the Surveillance, Epidemiology, and End Results-Medicare dataset aged 67-94 diagnosed during 2004-2010 with stage I/II breast cancer who received BCS. We compared subsequent mastectomy and breast cancer mortality with versus without pre-operative MRI, using Cox regression and competing risks models. We further stratified by receipt of radiotherapy for subgroup analyses. Results Our sample consisted of 24,379 beneficiaries, 4691 (19.2%) of whom received pre-operative MRI. Adjusted rates of subsequent mastectomy and breast cancer mortality were not significantly different with and without MRI: 3.2 versus 4.1 per 1000 person-years [adjusted hazard ratio (AHR) 0.92; 95% confidence interval (CI) 0.70-1.19] and 5.3 versus 8.7 per 1000 person-years (AHR 0.89; 95% CI 0.73-1.08), respectively. In subgroup analyses, women receiving BCS plus radiotherapy had similar rates of subsequent mastectomy (AHR 1.17; 95% CI 0.84-1.61) and breast cancer mortality (AHR 1.00; 95% CI 0.80-1.24) with versus without MRI. However, among women receiving BCS alone, MRI use was associated with lower risks of subsequent mastectomy (AHR 0.60; 95% CI 0.37-0.98) and breast cancer mortality (AHR 0.57; 95% CI 0.36-0.92). Conclusions Pre-operative MRI was associated with improved outcomes among older women with breast cancer receiving BCS alone, but not among those receiving BCS plus radiotherapy. Further research is needed to identify appropriate settings for which MRI may be helpful.
Introduction
Routine use of pre-operative MRI remains controversial [1] [2] [3] . Prior reports indicate that MRI detects approximately 15% additional unsuspected ipsilateral malignancies among patients with breast cancer [4, 5] . Because of MRI's superior detection capability, and the assumption that MRI will improve surgical care by helping plan the extent of resection of the tumor, pre-operative MRI has been widely applied in clinical practice [6, 7] . However, there is increasing evidence that MRI is associated with an increased probability of receiving a mastectomy and does not decrease re-excision rates or contralateral breast cancer incidence [7] [8] [9] [10] [11] .
Studies examining the long-term effects on local recurrence attributed to MRI have only recently started to emerge. Using data from one randomized controlled trial and three observational studies, a meta-analysis concluded that preoperative MRI did not reduce the risk of local recurrence [12] . In this review, however, approximately 9% of the patients had ductal carcinoma in situ (DCIS), and 10% had received a mastectomy. Additionally, the results based on these studies, conducted in institutions with advanced imaging capabilities, may not be generalizable to the real world. Understanding the effectiveness of pre-operative breast MRI in the general practice setting might allow physicians to tailor their recommendations appropriately.
Another important knowledge gap exists regarding whether the impact of MRI use on clinical outcomes differs between the two groups receiving and not receiving adjuvant radiotherapy (RT). Because RT is able to control not only occult lesions but also the residual burden of disease in the tumor bed, MRI use might not improve outcomes for patients who are going to receive RT. That is, the occult lesions, if undetected, could be eradicated by RT, which renders MRI valueless for those who received RT. In contrast, for patients who elect to forgo RT, MRI use may facilitate surgical plans, such as removing occult lesions or having a wider excision; these actions might reduce ipsilateral breast cancer recurrence and improve clinical outcomes. Understanding whether MRI would be able to yield additional risk stratification is especially important for the older population because RT could be omitted for older women with favorable tumor characteristics [13, 14] . MRI might be beneficial by identifying high-risk patients for whom adjuvant RT is needed.
Accordingly, we examined the relation between MRI use and clinical outcomes among female Medicare beneficiaries undergoing breast-conserving surgery (BCS). Specifically, we identified patients in the Surveillance, Epidemiology, and End Results (SEER)-Medicare database who received BCS with or without RT. We compared clinical strategies involving breast MRI versus no MRI with respect to the likelihood of long-term mastectomy rate and breast cancer specific mortality. We also explored whether there would be benefits attributed to MRI use in women not receiving RT and therefore separately stratified and analyzed two subsets by RT receipt.
Methods

Data and study design
The SEER registries currently cover approximately 30% of the United States population [15] . We utilized SEER data to identify baseline patient sociodemographic and tumor characteristics. We used Medicare claims to identify receipt of MRI, type of treatment (surgery, radiotherapy, and chemotherapy), comorbidities, and providers' characteristics. The Yale Human Investigation Committee determined that this study did not directly involve human subjects.
Patients
We identified all women with stages I/II breast cancer diagnosed during 2004-2010 and who were 67 to 94 years old at the time of diagnosis. We limited our sample to women who received BCS within 9 months of cancer diagnosis, had tumor histology consistent with epithelial origin, had known tumor laterality, and had been enrolled in Medicare Parts A and B 24 months before diagnosis through earliest of death or end of follow-up in December 2014. Patients were excluded if they were male, or diagnosed at death or autopsy, they had any cancer condition identified from claims in the 3 to 24 months prior to diagnosis, or their income or education by zip code was unknown. Survival follow-up started at 9 months after diagnosis (the required timeframe for receipt of breast-conserving surgery), so we excluded women who died within 9 months after cancer diagnosis.
Exposure and outcome ascertainment
We identified breast MRI use according to the Healthcare Common Procedure Coding System codes 76093-94, 77058-59, and C8903-C8908. We included MRI use between 90 days pre-diagnosis through the date of the first breast surgery. Outcomes of interest included treated recurrence (measured by receiving mastectomy during follow-up period) [16] [17] [18] and breast cancer specific mortality. We identified patients who received mastectomy after 9 months of initial diagnosis through December 2014 as reported by Medicare claims. Breast cancer specific mortality through December 2014 was derived from the SEER program.
Covariate creation and selection
Patient characteristics included age at diagnosis, race, year of diagnosis, marital status, SEER registry, metropolitan status of residence, concurrent enrollment in Medicaid in the year before diagnosis, comorbidity, and as proxies for primary care access and utilization: flu vaccination and the number of outpatient clinic visits on separate days within 3 to 24 months before cancer diagnosis [19] . SEERMedicare also provides census-based estimates of median household income and percentage of adults with a high school education or less at the zip code level. We used Elixhauser comorbidity conditions, adapting the approach that requires a diagnosis code to appear on either one inpatient claim or ≥ 2 outpatient claims greater than 30 days apart in order for a condition to be considered present [20] . We also incorporated a disability index, a claims-based indicator for services commonly needed by patients with poor functional performance status [21] . Tumor characteristics included stage, grade, size, histology, estrogen receptor (ER) and progesterone receptor (PR) status, and number of positive lymph nodes involved, as reported by SEER. We determined RT, chemotherapy, or anti-HER2 therapy status, respectively defined as RT, chemotherapy, or trastuzumab use that occurred between diagnosis and 9 months after definitive breast cancer surgery using Medicare claims data. To increase specificity, patients needed to have ≥ 1 claims for brachytherapy or ≥ 4 claims of external beam radiation therapy or intensity modulated radiation therapy to be considered RT recipients [22] . Provider characteristics included the breast surgeon's Medicare patient volume, teaching hospital status, and whether the surgery was received at a National Cancer Institute (NCI)-designated comprehensive cancer center.
Statistical analysis
We used χ 2 tests to evaluate the association between MRI use and demographic, tumor, treatment, and provider characteristics. We estimated the cumulative risk of treated recurrence and breast cancer specific mortality for the entire cohort by MRI use, as well as for additional subsets with and without RT. Differences in the survival functions were tested using the log-rank test.
We used Cox proportional hazards models to assess the association between MRI use and treated recurrence and breast cancer specific mortality. A series of models were fitted to examine the bivariate association between our outcomes of interest and MRI use, as well as other potential confounders. Multivariable models were fitted to estimate the hazard ratio (HR) for MRI use, adjusted for potential confounding variables found to be associated with outcomes (p value < 0.20) in bivariate analyses. Log-cumulative hazard plots verified the validity of the proportional hazards assumption. Death from any cause and a contralateral breast cancer diagnosis were modeled as competing events for the treated recurrence analysis, while death from causes other than breast cancer were modeled as competing events for the breast cancer mortality analysis. We included an interaction term between RT and MRI use, and conducted subgroup analyses stratified by RT status. As a secondary analysis, we examined the associations between MRI use and outcomes among a low-risk group. Using the inclusion criteria of the Cancer and Leukemia Group B C9343 trial, we selected patients ages 70 and older with low-risk tumor characteristics (T1N0M0 and ER-positive) from our sample. Acknowledging that patients might have a second lumpectomy and/ or RT instead of mastectomy for a recurrence event, we conducted two sensitivity analyses where treated recurrence was measured 9 months after cancer diagnosis by the treatments of (1) mastectomy or BCS; and (2) mastectomy, BCS, or RT. All analyses were performed using SAS version 9.4 (SAS Institute, Inc., Cary, NC). Tests were two-sided with an alpha value of 0.05.
Results
The sample consisted of 24,379 women with breast cancer (mean age 74 and 77 years among beneficiaries receiving and not receiving MRI, respectively), including 4691 (19.2%) who received pre-operative MRI (Table 1 and Appendix  Table 1 ). The median follow-up time was 5.6 years. Women who received MRI tended to be younger, white, married, and have higher median incomes, fewer comorbidities, and a better disability index (p < .001 for all). There was no significant difference between the two groups in terms of tumor stage or tumor size (p = .50 and 0.07, respectively); however, women who received MRI were more likely to have wellor moderately-differentiated and positive ER or PR breast cancer, yet were less likely to have lymph nodes unexamined (p < .001 for all). Women who received MRI were more likely to receive RT, chemotherapy, and anti-HER2 therapy (p < .001 for all).
The treated recurrence incidence rate in patients who received MRI was 3.2 per 1000 person-years, compared to 4.1 per 1000 person-years in patients who did not receive MRI (Table 2 ; Fig. 1a) . In multivariate analysis, breast MRI use was not significantly associated with a lower risk of treated recurrence (HR 0.92; 95% CI 0.70-1.19; p = .51). Although the interaction between RT and MRI use was not statistically significant (p value = 0.137), the association between MRI use and treated recurrence appeared to differ according to RT status (Fig. 1b) . Adjusted HRs of treated recurrence rates were 1.17 (95% CI 0.84-1.61; p = .35) for the RT group and 0.60 (95% CI 0.37-0.98; p = .04) for the non-RT group, respectively. Breast cancer specific mortality in patients who received MRI was 5.3 per 1000 person-years, compared to 8.7 per 1000 person-years in patients who did not receive MRI (Table 2 ; Fig. 2a) . In multivariate analysis, MRI use was not significantly associated with a lower breast cancer mortality (HR 0.89; 95% CI 0.73-1.08; p = .23; Table 2 ). As was the case with the analysis of mastectomy, the interaction between RT and MRI use was statistically insignificant (p value = 0.15), yet stratified analyses showed differences between the RT and non-RT groups. Among patients who received RT, breast cancer mortality rates were 5.2 and 7.1 per 1000 person-year for patients who did and did not receive MRI, respectively (Table 2 ; Fig. 2b) , and the adjusted HR of breast cancer mortality was 1.00 (95% CI 0.80-1.24; p = .99). Among those in the non-RT group, breast cancer mortality rates were 5.5 and 14.9 for patients who did and did not receive MRI, respectively; and the adjusted HR of breast cancer mortality was 0.57 (95% CI 0.36-0.92; p = .02).
After limiting our sample to C9343 eligible patients, results of main analyses were qualitatively similar to the findings we reported above (Appendix Table 2 ). In the stratified analyses, however, the AHRs of MRI on treated recurrence or breast cancer mortality were no longer statistically significant among patients who did not receive RT. Sensitivity analyses using subsequent mastectomy, BCS, or RT as treated recurrence showed no benefits attributed to MRI use (Appendix Table 3 ). 
Discussion
More than 20% of older women with early-stage breast cancer received pre-operative breast MRI in the United States in 2007 [7, 10] . Advocates for pre-operative MRI use argue that MRI use facilitates surgical planning to achieve better ipsilateral disease control. However, limited evidence has indicated that MRI use does not reduce the risk of local or distant recurrence [12] . Analyzing 3180 affected breasts among 3169 patients across four studies, prior research found an insignificant effect of MRI use on local recurrence free survival (adjusted HR 0.88 with 95% CI 0.52-1.51) [12] . Unfortunately, this individual patient data meta-analysis did not include radiation therapy and systematic therapy in the multivariate analysis because of large p values in the univariate analyses. Our study strengthens their findings because our study is population-based with adjustment for RT and systematic treatment. The absence of a reduction in breast cancer mortality attributed to MRI use further confirm MRI use does not improve clinical outcomes. Our findings build upon prior work in important aspects. First, our analyses, stratified by MRI use and receipt of RT, are particularly intriguing because they suggest that MRI use may be beneficial for the non-RT group. While previous research combined data from four studies, the sample size was small for subjects who did not receive RT (60 and 78 for patients who received BCS alone with and without receiving MRI, respectively) [12] . Our study included 5840 patients who received BCS alone, and 815 of them also received MRI; our larger sample size could thus advance knowledge regarding this issue. Our stratified analyses indicate that additional MRI use does not provide benefits for patients who receive RT but may be beneficial for patients who did not receive RT. The exact reason for this is unclear. Women who undergo MRI may receive a wider excision and/or additional surgery which could lead to a lower burden of residual tumor in the ipsilateral breast. Additionally, there may be other confounders associated with the use of MRI. For example, women who decline both RT and MRI options may be therapeutic minimalists, who may be more likely to decline endocrine therapy or follow-up surveillance imaging, leading to eventual distant metastasis and elevated breast cancer specific mortality. Given the nature of subgroup analyses, the results here should be interpreted as hypothesis generating only, rather than hypothesis testing. Further research examining the associations between MRI use and clinical outcomes among patients who receive BCS without RT is warranted.
Second, for patients who had favorable tumor characteristics and were eligible for the C9343 trial, MRI use did not significantly decrease treated recurrence or breast cancer mortality, regardless of RT status. Among patients who did not receive RT, however, the estimated effect size (i.e., the adjusted HR of 0.75 or 0.70 for treated recurrence and breast cancer mortality, respectively; Appendix Table 2 ) is substantial. Based on our findings, we estimated the risk of ipsilateral recurrence for patients with residual disease after surgery (had either additional lesions undetected or residual disease in the tumor bed), a counterfactual scenario as these MRI-detected lesions would be surgically removed. We provided a schematic depiction of our sample (Fig. 3) , in which patients not receiving MRI can be putatively divided further into two groups with and without residual lesions. Given that the C9343 trial enrolled patients before 2000 during a time where MRI was rarely used, its finding of a 4% 5-year local recurrence probability could apply to patients who did not receive MRI, consisting of patients with and without additional lesions. Given the adjusted HR of 0.75 attributed to MRI use, the 5-year risk of local recurrence for patients who did not have additional lesions is 3.0%. Using the estimate from systematic literature reviews that MRI detects 15% additional lesions, the risk of local recurrence for patients who had residual lesions undetected and did not receive RT is estimated at 9.7%, calculated by 3.0% * 85% (i.e., 100% minus 15%; patients without additional lesions) + 9.7% * 15% (patients with additional lesions) = 4.0% (entire no-RT-no-MRI group). Although this calculation involves a lot of assumptions, MRI use might yield additional risk stratification for patients who did not receive RT, and identify patients who are not candidates for omitting RT. We also raise a concern that for existing and future trials withholding radiotherapy in women with breast cancer undergoing BCS, the use of pre-operative MRI must be known and controlled for as an eligibility or stratification factor. In the current era of evidence-and value-based practice as well as patient-centered care with shared decision-making processes, our results could help providers and patients rethink the utility of MRI. This is especially important for older women with breast cancer, as BCS alone may be an appropriate option. We suggest that physicians and patients discuss individual treatment preferences first, based on the findings of conventional imaging. If patients want to minimize risks of local recurrence with a decision favoring a mastectomy or BCS plus RT over BCS alone, it is important for physicians to express that pre-operative MRI use does not provide additional benefits and may not be medically necessary. If physicians and patients are making a decision between BCS with or without RT, further studies are needed We acknowledge the limitations of our study. First and foremost, as a retrospective observational study, causal inferences cannot be made from the results of our study. While we included a moderately comprehensive set of controlling variables in analyses, we were unable to control for unobservable factors, which may influence our outcomes. As Table 1 indicated, several patient, tumor, and treatment characteristics were more favorable in the MRI group, compared with the non-MRI group, indicating potential selection bias favoring the MRI group. Even so, we still found no benefits attributed to MRI use. Therefore, it is unlikely that MRI use is associated with improved outcomes, especially for those who underwent RT. In contrast, the observed benefits of MRI use in the non-RT group might be driven by selection bias. For instance, the AHR of breast cancer specific mortality was 0.57, similar to the effect size of chemotherapy [23] . Such huge benefits seemed implausible, indicating selection bias and residual confounding. Further studies are needed to examine the impact of MRI use among patients who undergo BCS without RT. Second, we did not have recurrence information and therefore only used subsequent mastectomy as a proxy of treated recurrence. It is possible that patients who received pre-operative MRI and BCS (with and without RT) may tend to avoid mastectomy. Thus, they might receive additional BCS if they had a local recurrence event. However, our sensitivity analyses including BCS as treated recurrence found similar results. Third, while the SEER program has developed an algorithm to determine cancer-specific cause of death [24, 25] , the accuracy of cancer-specific mortality is unknown. Thus, the results regarding cancer-specific mortality must be interpreted with caution. However, it is unlikely that breast cancer deaths reported in the SEER database would differ by MRI use. Hence, our results are unlikely to be biased because of this issue. Finally, our study was limited to older patients and the median follow-up duration was only 5.6 years. Our findings may not be generalizable to a younger population who may have different risks of recurrence. Longer follow-up information is necessary, particularly as this is a population who is typically on endocrine therapy, which would likely decrease subsequent breast cancer occurrence. Thus, the ipsilateral recurrence rate might increase after 5 years if the patients have stopped hormone therapy.
In conclusion, MRI use did not reduce the long-term mastectomy rate or breast cancer mortality among older women with breast cancer receiving BCS plus RT. For patients who elected BCS without RT, MRI use is potentially associated with a decrease in breast cancer mortality and long-term mastectomy. Future research is needed to explore whether MRI use could identify patients who would be willing to be treated alongside the C9343 paradigm. data used in this study was supported by the California Department 
